Introduction: As important effector cells of the innate immune system, neutrophils are involved in rejection of solid organ and/or tissue transplants. But their role in rejection of oral mucosa transplantation (OMT) remains unclear. The aim of this study is to observe the spatial-temporal change of neutrophils during acute rejection of OMT. Methods: In a rat model of oral mucosal xenotransplantation, myeloperoxidase (MPO), an indicator of influx of neutrophils was detected by technique of ELISA on day 7 and 30 (D7, D30) of posttransplantation. Results: On D7, MPO level (6.183±0.416, ×10 2 ng/mg) in the OMT group was significantly higher than in trauma (0.681±0.073, ×10 2 ng/mg) and normal controls (0.262±0.043, ×10 2 ng/mg) (P<0.001, respectively), and this level was found to correlate with the index of submandibular lymph nodes (ILN), an indicator of inflammation of rejection (r=0.909, P<0.05). Moreover, this level was decreased significantly under FK506 treatment (2.103±0.146, ×10 2 ng/mg, P= 0.005). On D30, MPO in the OMT group (1.063±0.096, ×10 2 ng/mg) was lower significantly than that on D7 (P<0.001), although this level was still higher that of normal controls on D30 (0.532±0.112, ×10 2 ng/ mg, P = 0.042). Conclusion: Neutrophils infiltration was an early event of OMT, which may play important roles on acute rejection of OMT.
Introduction
Neutrophils are important effectors cells of the innate immune system (IIS) and could also play as modulators between IIS and the adaptive immune system (AIS). Numerous studies have shown that neutrophils play important roles in the regulation of immunological processes involving in transplant rejection via several mechanisms, including production of reactive oxygen species (ROS) and pro-inflammatory cytokines and chemokines (1) (2) (3) . Neutrophils were the main infiltrating cells in the early phases of skin or corneal graft rejections (4, 5) . The increased neutrophils and their chemokines were involved in liver inflammation after hepatocyte transplant (6) . Clinically, the effect of ulinastatin, a protease inhibitor, on ischemia-reperfusion injury was correlated with decreasing accumulation and adhesion of neutrophils in small bowel transplant (7) . The number of neutrophils in broncho-alveolar lavage fluid was an e342 indicator of aggravated lung rejection or infection (8) . Importantly, The efficiency of immunosuppression to reduce rejection rates and prolong graft survival times could be attributed, in part, to decreased phagocytic capacity and the generation of ROS by neutrophils (9) . All the evidences indicated that understanding the role of neutrophils in transplant rejection will provide some new insights into the mechanisms of transplantation immunity and its clinical potentials. However, in the field of oral-facial transplant, available data on the role of neutrophils have little been reported by now. Being scarce of suitable animal models may be the main block. As well known, in the oral-facial field, establishing a model of composite tissue transplantation (CMT) is so complex and difficult. Compared with CMT, oral mucosal transplant (OMT) is simple and easy to be manipulated. In addition, researches on OMT would provide some clues or references for CMT in clinic. So suitable OMT model was necessary and may be a useful tool for investigating transplant immunity in oral-facial field. However, available models of OMT either use nude mice as recipients (10) (11) (12) or belong to a kind of syngenesioplastic gum transplantation (13) (14) (15) . Genetic background of nude mice could not reflect the natural immunological features of animals with normal immune ability and syngenesioplastic status was not with immune involved. OMT essentially belongs a kind of epithelial tissue transplantation (16), but as for complex micro-organism influences, kinds of immune defense mechanisms of oral cavity (17, 18) and strikingly regionalized effecter disparity in human mucosal immune system (19) , researches on other epithelial tissue transplant such as skin or cornea could just be as reference but could not be applied directly to oral mucosa. Therefore, immunological response of OMT needs to be explored particularly. Recently, an oral mucosal xenotransplant model with normal rats as recipients had been established primarily in our laboratory and on the foundation of this model, it was found that neutrophils infiltration was predominant, especially at the early stage (unpublished data). So the aim of this pilot study was to explore the possible role of neutrophils infiltration at the early phase of OMT.
Materials and Methods

-Experimental design
Animal models of OMT, trauma control and normal control were established. Some rats were sacrificed on D7 or D30 and symptoms of rejection were observed grossly and histopathology. Meloperoxidase (MPO) levels on D7 and D30 were detected by technique of ELISA analysis. Altersations of rejection symptoms and MPO level on D7 were also noted after FK506 treatment. Animals Female Wistar rats weighing 160g-180g as recipients and female Balb/C mice weighing 18g-20g as donors were purchased from the center of Experimental Animals of Sun Yat-sen University (Guangzhou, China) and bred in a specific pathogen-free environment with climate-controlled rooms. All experimental protocols were approved by the Animal Ethics Committee and were performed according to institutional guidelines of the University.
-Xenotransplantation and FK506 treatment Briefly, an incision no more than 1cm long was made on the left angle oris of Wistar rats, and blunt dissection inside the incision was performed under the buccal mucosa to form the recipient bed, in which the full tongue tissue with 0.3-0.5 cm length from Balb/C mice was embedded. Then, the incisions were sutured carefully. Rats that received similar surgical procedures but without embedding of tongue tissues and rats that not received surgical procedures were assigned as trauma and normal controls, respectively. Some rats of xenoragft (X), trauma (T) and normal (N) controls groups, were pre-treated with high doses (2mg/ kg/day, orally) of FK506 (Fujisawa Pharmaceutical Co, 0.5mg/pill) for 3 consecutive days before surgery and then after surgery they received low doses (0.5mg/ kg/ day, orally) of FK506 for 7 consecutive days until they were sacrificed on D7. FX, FT and FN indicate above 3 groups with treatment of FK506 respectively. Animal groups and treatments are summarized in table 1.
-Gross and histopathological observations
Swelling and pyorrhea of the left buccal mucosa were observed. Submandibular lymph nodes (SMLN) on both sides were isolated and an index of SMLN (ILN) was calculated: ILN = sum of diameters of the 3 largest left SMLN ¯ sum of diameters of the 3 largest right SMLN(taking the absolute value). ILN directly reflected the degree of the left SMLN swelling and indirectly reflected the degree of rejection. Whole buccal tissues of rats in each group were isolated. One-half samples were fixed with 10% formaldehyde, embedded in paraffin by standard protocols, serially sectioned (4 μm), stained with hematoxylin-eosin (HE) and made histological analysis by 2 experienced
Groups
D7 D30 Total
Xenograft group (X) 12 12 24 Trauma group (T) 12 12 24 Normal Group ( N) 8 8 8
Fk506+X group (FX)
ND 12
Fk506+T group (FT) 12 ND 12
Entries are numbers in each category; ND: not done. 
Results
-Gross and histological observation (1) Groups on D7 X-D7 group: Swelling and pyorrhea of the left buccal mucosa were obvious, and erosion sometimes could be seen; the left SMLN (xenograft side) was swollen obviously ( Fig.1.A) . After the treatment of FK506, only mild swelling with little pyorrhea of the left buccal mucosa and mild to moderate swelling of the left SMLN were manifested (Fig1.C). ILN increased significantly compared with T-D7, N-D7 and X-D30 groups (Table 2) and protein concentration was determined from a standard curve.
(3) ELISA analysis of MPO: The concentration of MPO in supernatants was determined using an ELISA kit (HyCult Bio-technology, Uden, Netherlands) as previously described (20) . The concentration of MPO in tissue was expressed as the ratio of MPO concentration to total protein in order to take into account slight differences of tissue weights (21) . So the level of MPO was presented as ng/mg in tissues.
-Statistics Data collection and statistical analysis were performed using SPSS 13.0 statistical software (SPSS Inc, Chicago, IL, USA). The results are given as mean ± standard deviation (SD). The analysis of variance (ANOVA) was used to compare quantitative measurements. Association of MPO level and ILN were assessed by spearman correlation coefficient. P <0.05 was considered as statistically significant for all statistical test carried out. After the treatment of FK506, ILN decreased significantly (Table 2) . HE staining showed that in the xenograft site, part or whole coagulation necrosis with intense neutrophils infiltration appeared and abscess formed; outsides the abscess, fibroblasts and capillaries hyperplasia were accompanied by large number of lymphocytes, plasma cells, histiocytes, and occasionally a few polynuclear-macrophages( Fig.1.A) . After the treatment of FK506, histological structure of the xenograft sites was almost intact, mild necrosis was accompanied just by mild to moderate infiltrations of neutrophils ( Fig.1.C) . T-D7 group: Minor or no swelling and pyorrhea of the left buccal mucosa were manifested; the left SMLN (trauma side) was swollen slightly or moderately ( Fig.1.D) . ILN increased significantly compared with N-D7 and T-D30 groups (Table 2) . HE staining showed that there remained minor fissures in buccal striated muscle and minor interstitial edema was accompanied by a slight infiltration of plasmacytes and histiocytes ( Fig.1.D) . After the treatment of FK506, rejection symptoms and HE staining were similar with T-D7 group, but ILN decreased significantly (Table 2) . N-D7 group: Normal appearance and histological structures of the left buccal mucosa were manifested; the left SMLN (normal side) was not swollen (Fig.1.E) ; ILN showed no significant difference with that in N-D30 group (Table 2) . After the treatment of FK506, no obvious alterations of above symptoms could be found.
(2) Groups on D30 Swelling and pyorrhea of the left buccal mucosa and swelling of the left SMLN in each group on D30 were no longer obvious (Fig1.B) ; ILN showed no significant differences between any other two groups on D30 (Table 2). HE staining showed that in X-D30 group, tissue repair began to be predominant and numerous fibroplasias surrounded the necrosis sites with moderate infiltrations of histiocytes, polynuclear-macrophages, plasmocytes, small numbers of lymphocytes and a few neutrophils ( Fig.1.B) ; in T-D30 group, the trauma site had almost healed, sometimes accompanied with little plasma cells, histiocytes; in N-D30 group, normal appearance and normal histological structures were manifested.
-MPO levels (1) Groups on D7 MPO level in X-D7 group increased significantly compared with the T-D7, N-D7 and X-D30 groups; it in T-D7 group was higher than N-D7 group; there was no significant difference between N-D7 and N-D30 groups or T-D7 and T-D30 groups. After the treatment of FK506, MPO level in FX-D7 group decreased significantly compared with X-D7group, but it was still higher than that in FT-D7 and FN-D7 groups (Table 3) .
(2) Groups on D30 MPO level in X-D30 group decreased significantly compared with X-D7 group, but was still higher than that in N-D30 group (Table 3) . Correlation analysis between MPO levels and ILN Only in X-D7 group, MPO level and ILN performed positive correlation; after the treatment of FK506, this positive correlation was not significant any more ( Table  4) . Values are mean ± standard deviation (SD). ILN = sum of diameters of the 3 largest left SMLN -sum of diameters of the 3 largest right SMLN (taking the absolute value). (X; xenograft group, T: trauma group, N: normal group). Values are mean ± standard deviation (SD). MPO level in tissue = MPO concentration / total protein concentration. (X; xenograft group, T: trauma group, N: normal group). Table 4 . Correlation between MPO Levels and ILN of Groups on D7 and D30.
* means the correlation coefficient was statistical significance. (X; xenograft group, T: trauma group, N: normal group).
Discussion
Several lines of evidences have proven the roles of neutrophils in graft rejection of some organs and/or tissues transplants. As effector cells, neutrophils, either alone or in collaboration with monocytes, directly destruct grafts by production of superoxide anions with high activities and granzymes, including protease, elastase and lysozyme (22, 23) . More importantly, as connectors, neutrophils secrete a lot of inflammatory cytokines or chemokines, including TNF-α, IL-8, MIP-1α/β (CCL3, CCL4) and IP-10 (CXCL10) etc in an auto-or paracrine manner to initiate the recruitment of immune cells of IIS and AIS to the graft sites, which lead to the last rejection of graft (24, 25) . Therefore, increasing attention has been paid to the roles of neutrophils during rejection. However, the role of neutrophils in oral-facial transplant has not been reported by far. One of the main bottlenecks was partly due to being scarce of suitable animal models. Recently, a developed oral mucosal xenotransplant model, which with normal rats as recipients, had been established primarily in our laboratory. Xenotransplant model was chosen as it was demonstrated at the preliminary experiment that the symptoms of acute rejection of OMT between xenotransplant and allotransplant was similar but earlier and more intensive rejection symptoms would be induced by the former. For a successive 90-days gross and histopathological observation, neutrophils infiltration was found to be predominant at the early phase and to disappear obviously at the late phase; especially on D7 and D30 (unpublished data). So D7 and D30 may represent the acrophase and paracmasia of inflammation in this OMT model respectively. Accordingly, the degrees and roles of neutrophils infiltration of OMT on D7 and D30 were noted in this pilot study.
At present study, MPO levels which reflect the degree of neutrophils influx into tissues (26) , of buccal mucosa on D7 and D30 were compared for confirming the different influx of neutrophils. It was found that MPO level of X-D7 group was significantly higher than that of on D30 and this higher MPO level could be attenuated by the treatment of immunosuppressant FK506.
The same circumstance could also be found on ILN of X-D7 group, which indirectly reflects the degree of rejection of OMT and other acute rejection symptoms. FK506 have been proved to inhibit transplant rejection and prolong the survival of allografts by inhibiting the infiltration of neutrophils (27, 28) . So the inhibition role of FK506 further confirmed the role of neutrophils in promoting rejection of OMT. It seems the first time, for the best of our knowledge, to demonstrate the participation of neutrophil infiltration in rejection of oral mucosal xenotransplant. In addition, MPO level and ILN of the xenograft group on D7 performed a positive correlationship, which indicates that neutrophils infiltrating has tight relationship with the rejections of OMT.
The same opinion could also be supported by the gross and histopathological observations. From all of above evidences, it was concluded that in the early phase of OMT, neutrophils infiltration was predominant and as effector cells, neutrophils played key roles on promoting the rejection of OMT. Neutrophils could also modulate rejections of other organs and tissues transplants. In organ transplants, neutrophils could infiltrate into lungs at 6 hours in a rat lung transplantation model (8) ; it was verified to increased at about 2 hours after revascularization in a rat small bowel transplantation model (7); an increase of neutrophil chemoattractant CINC-1/interleukin-8 (IL-8) mRNA expression was associated with a marked infiltration of neutrophils in renal tissue at 2 hours in a rat model of ischemia/reperfusion injury followed by kidney transplant (29) and neutrophil chemoattractant growth-related oncogene alpha (KC) expression peaked at 6 h and neutrophils infiltration increased significantly 48 hours after transplant in a mice heterotopical allograft heart transplantation model (30) . In other tissues transplants, neutrophils can also often be found in the early stages post-transplantation. Predominantly infiltrating of neutrophils were found on day 3 in a rat-tomouse skin xenograft model (4); on day 3 in a corneal allograft model (5), on day 4 in a porcine-to-rat corneal orthotopic transplantation model (28) and from day 1 onward in this OMT model (unpublished data). Therefore, like other organs or tissues transplants, neutrophils infiltration is an early event of OMT and it maybe play key roles on promoting the acute rejection of OMT or oral-facial transplantation.
Our main findings will give some clues to understanding the role of neutrophils and its clinical potentials in oral-facial transplantation. For example, another ex-e347 periment designed to explore the mechanisms of neutrophils recruitment in OMT have been completed by our group (unpublished data), which would bring some new insights for targeting inhibition of the rejections of oral-facial transplant; the degree of neutrophils infiltration could be used as a mainstay for pathological grading and detection of the neutrophils in saliva would be a convenient method to monitor the degree of rejections of oral-facial transplant as detecting neutrophils in the broncho-alveolar lavage fluid to reflect the degrees of lung rejection (7) . In summary, neutrophils infiltration is an early event of OMT. Therefore, exploring the roles of neutrophils during OMT would provide some new insights into the mechanisms of transplant immunology and its clinical potentials of the oral-facial field.
